At the Annual Meeting of the Society for Neuroscience in 1976, Patrick McGeer delivered a lecture on the basal ganglia and called it 'Mood and movement: twin galaxies of the inner universe'. He was a smash hit, not only because of his gifts as an orator, but also because he had something of interest to say to each and every one of the neuroscience disciplines whose members were in attendance: then as now, the basal ganglia had something for everyone.
Neurologists have been interested in the basal ganglia since the substantia nigra was discovered to be the site of the lesion in Parkinson's disease, and pharmacologists entered the field en mane when Carlsson et a1 (1957) showed that reserpine-induced akinesia was reversed by L-dopa. The modern era of research in biochemical neuropathology was ushered in by Hornykiewicz's discovery of striatal dopamine depletion in Parkinson's disease, and neurochemists and neuroanatomists entered the field at about the same time, for, as Graybiel & Ragsdale (1983, p 427) have noted, 'the chemoarchitecture of the striatum became a focus for work on neurotransmitter distributions in the forebrain in the 1950s and 1960s when the caudate-putamen complex was found to have the highest content of acetylcholine and dopamine in the forebrain'.
Psychiatrists have been interested in the basal ganglia since the neuroleptic agents introduced in the 1950s were shown to be dopamine antagonists, and their interest was further stimulated by recognition that whereas some parts of the basal ganglia are primarily motor, other parts (e.g. the nucleus accumbens) project to centres for mood control rather than for muscle control. It was, indeed, this fact that enabled Patrick McGeer to link mood and movement in his lecture on the basal ganglia.
Psychologists became increasingly interested in the basal ganglia when Teuber (1966) called attention to the parallels between effects of prefrontal and basal ganglia lesions on perceptual-mnemonic processes in men and monkeys, and the neurophysiological approach to basal ganglia circuitry was reborn 1 2 EVARTS when Yoshida & Precht (1971) and then Uno & Yoshida (1975) discovered that both striatal and pallidal outputs act by inhibition and disinhibition rather than by excitation and disexcitation.
These few highlights from the recent decades of research on the basal ganglia show the remarkable success of interdisciplinary efforts: no other set of brain structures has been the subject of such a mutuality of research interest by scientists using different techniques. It is the mutuality of interest each of us has in the research of our colleagues here assembled that will provide one of the essential ingredients for the success of this Ciba Foundation symposium. There are many other ingredients, one of which is that the 'speakers' and the 'discussants' could easily have changed places. There was absolutely no need for me to prepare a list of who might discuss each paper, because many of us gathered in this room could discuss each of the presentations, and in any case there is a magic in 41 Portland Place that precludes the need to plan a discussion for these symposia. As chairman I shall occasionally propose one or two questions touching on the unsolved problems of the basal ganglia, since there are still some terrific riddles at the physiological and clinical levels; perhaps as a result of this meeting we shall be able to formulate the riddles more clearly, and in my summing up I shall try to list some of these unsolved problems and highlight some of the ideas that will have emerged from this meeting on the best approaches to them. (1) No complete account can yet be given of the neural pathways by which the basal ganglia affect the bulbospinal motor apparatus. Channels of exit from the basal ganglia originate from the internal pallidal segment, the pars reticulata of the substantia nigra, and the subthalamic nucleus, and each of these is directed in part rostrally to the cerebral cortex by way of the thalamus, in part caudally to the midbrain. The postsynaptic extension of the mesencephalic channels to bulbar and spinal motor neurons is largely unknown. Since the ascending channels are collectively of greatest volume, the notion remains plausible that the basal ganglia act in considerable part by modulating motor mechanisms of the cortex. ( 2 ) Recent findings in the rat suggest that the striatum is subdivided into a ventromedial, limbic system-afferented region and a dorsolateral, 'non-limbic' region largely corresponding to the main distribution of corticostriatal fibres from the motor cortex. These two subdivisions appear to give rise to different striatofugal lines, the outflow from the limbic-afferented sector partly re-entering the circuitry of the limbic system. (3) The limbic-afferented striatal sector suggests itself as an interface between the motivational and the more strictly motor aspects of movement. This suggestion is strengthened by evidence that the 'limbic striatum' seems enabled by its striatonigral efferents to modulate not only the source of its own dopamine innervation but also that of a large additional striatal region.
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The term, extrapyramidal system, introduced by S. A. K. Wilson (1912) , has never been adequately defined anatomically. Although it can be interpreted literally as denoting all of the brain's effector mechanisms that do not involve the pyramidal tract, convention over the years has made the term very nearly synonymous with the basal ganglia and their efferent connections. The much older term, basal ganglia, originally referred to all of the grey masses at the base of the cerebral hemisphere, including even the thalamus, but over time became restricted to the corpus striatum (striatum and pallidum) and two smaller structures, the subthalamic nucleus and the substantia nigra, both linked to the corpus striatum by reciprocal fibre connections.
In the following sections of this brief account the known neural circuitry of the basal ganglia is reviewed with no more than occasional reference to the neurophysiological and neurochemical evidence discussed in other papers in this volume.
Striatum
In all primates and many non-primate mammals the striatum is subdivided by a plate-like internal capsule into two districts, the dorsomedial caudate nucleus and the ventrolateral putamen. In other mammalian forms, including the rat, the anterior part of the internal capsule passes through the striatum in the form of a brush rather than a plate; in such forms the striatum lacks clear subdivision and is therefore often referred to as caudato-putamen.
All districts of the striatum exhibit basically the same cytoarchitecture: throughout its extent more than 98% of its neurons are small to medium-sized while the remaining 1-2% is made up of large multipolar cells with welldeveloped Nissl bodies (Namba 1957) . Most of the smaller cells probably correspond to the so-called spiny neurons distinguished in Golgi material and the electron microscope (Kemp 1968a ,b, Fox et a1 1971 by numerous spines on all but the most proximal dendritic segments. A much smaller number of small cells, the so-called spidery neurons (Fox et a1 1971 (Fox et a1 /1972 , have smooth dendrites but are distinct, by their size, from the large 'aspiny' neurons that correspond to the large multipolar cells seen in Nissl material.
It was long assumed that efferent connections of the striatum originate exclusively from the large neurons (Vogt & Vogt 1920) , whereas the smaller cells were thought to be intrinsic striatal neurons. The results of retrogradelabelling experiments, however, suggest instead that most striatofugal fibres to the globus pallidus and substantia nigra originate from medium-sized, densely spiny, rather than large neurons (DiFiglia et a1 1976 , Somogyi et a1 1981a , Bolam 1984 .
On account of the notable lack of any regionad differentiation obvious on cursory inspection, the striatum has traditionally been described as a homogeneous structure. More recent studies, however, have disclosed a more covert stereometric pattern of compartition subdividing the striatum into an intricate labyrinth of small compartments characterized by peculiarities of histochemistry, afferent connections, and/or cell-packing density (Graybiel & Ragsdale 1983, and 1984, this volume) .
Afferent connections of the striatum
The striatum is the main entrance portal for neural inputs to the basal ganglia, and appears to receive its most voluminous afferent connections from the cerebral cortex, intralaminar thalamic nuclei, and substantia nigra. Additional afferents, however, arise from the amygdala and from the dorsal raphe nucleus of the midbrain.
The corticostriate connection. hbre-degeneration studies have shown that virtually all regions of the neocortex project to the striatum in a topographic pattern that by and large preserves the topology of the cortical mantle (Kemp & Powell 1970) . The mosaic of the projection is, however, not sharply defined, and consequently few if any parts of the striatum are projected upon by a single cortical area. The projection from the sensorimotor cortex, most widely distributed, may be the only corticostriatal projection that is bilateral (Carman et a1 1965 , Kunzle 1975 .
The scheme of corticostriatal topography indicated by earlier studies by fibre-degeneration methods may require some revision. Autoradiographic findings have shown that the precentral cortex of the monkey projects almost exclusively to the putamen (Kunzle 1975) rather than to both putamen and caudate nucleus as previously reported, and the prefrontal cortex projects to the entire length of the caudate nucleus rather than exclusively to the caput of the latter (Goldman & Nauta 1977). Future tracer-transport studies may reveal additional inaccuracies in current schemes, but are unlikely to invalidate the notion that all cortical regions project to the striatum in a reasonably well-defined topographic pattern, and that all parts of the striatum receive fibres from one or more districts of the cortical mantle.
Nucleus accumbens. Unlike the rest of the striatum, this anterior-ventromedial region leaning against the septum, and extending ventrally as the small-celled core of the olfactory tubercle, receives its main cortical input not from the neocortex but from the hippocampus (Raisman et a1 1966 , Kelley & Domesick 1982 . Since it was found to be projected upon also by the amygdala (DeOlmos & Ingram 1972) , the nucleus accumbens, together with the parvicellular core of the olfactory tubercle which likewise receives projections from the amygdala, became regarded as the 'limbic striatum'. More recent findings, however, suggest that the striatal region receiving afferents from within the circuitry of the limbic system extends well outside the nucleus accumbens and olfactory tubercle. Of these afferents, those originating from the amygdala appear to have the widest distribution: the amygdalostriatal projection in the rat involves the entire striatum except for an anterior, dorsolateral sector that receives the main projection from the motor cortex (Kelley et a1 1982) . ('Anterior' here denotes the large part of the striatum that extends rostra1 to the crossing of the anterior commissure [Fig. lA] and is customarily focused on in studies of the striatum, to the exclusion of the narrower posterior striatal half [Fig. lB] extending caudal to the anterior commissure alongside the globus pallidus.) Other afferents to the striatum which originate from limbic structures (hippocampus; fronto-cingulate cortex) or from brainstem structures embedded in the circuitry of the limbic system (ventral tegmental area, dorsal raphe nucleus) are distributed within the same region (c.f. Fig. 1 ); like the amygdalostriatal projection, they Ac CA FIG. 1. The limbic-afferented striatal region indicated by various line and stipple patterns in frontal sections involving a rostra1 (A) and more caudal (B) level of the striatum. Vertical lines, the region innervated by the ventral tegmental area; horizontal lines, the projection from the prefrontal cortex; stippling, the projection from the amygdala. Not shown are the striatal afferents from the hippocampal formation (confined to the nucleus-accumbens region medial to the anterior commissure), cingulate cortex (a narrow vertical strip along the lateral wall of the lateral ventricle), and dorsal raphe nucleus (throughout the striatum but densest in the limbic-afferented area). Abbreviations in this and other illustrations: Ac, nucleus accumbens; Am, amygdaloid complex: A8 and A10, dopamine cell groups A8 and A10 of Dahlstrom & Fuxe; AVT, ventral tegmental area; CA, anterior commissure; CM, centrum medianum; C-P, caudato-putamen; GPe, globus pallidus, external segment; GPi, globus pallidus, internal segment; GPv, ventral pallidum; HL, lateral habenular nucleus: LC, locus ceruleus; MC, motor cortex; NC, caudate nucleus; ncF. nucleus of Forel's field H; NR, red nucleus; NRd, dorsal raphe nucleus; NRm, median raphe nucleus; OT, olfactory tubercle; PT, pyramidal tract; Put, putamen; SC, superior colliculus; SNc, substantia nigra, pars compacta; SNr, substantia nigra, pars reticulata; Sth, subthalamic nucleus; TO, olfactory tubercle; Tpd, nucleus tegmenti pedunculopontinus, pars diffusa; TPC or Tpc, nucleus tegmenti pedunculopontinus, pars compacta; VA, nucleus ventralis anterior; VL, nucleus ventralis lateralis; VM, ventromedial thalamic nucleus; ZI, zona incerta; 1, ansa lenticularis, ventral division; 2, ansa lenticularis, dorsal division, or fasciculus lenticularis; 3, ansa lenticularis, middle division. Thalumostriate connections. The only thalamostriate projections known thus far originate from the intralaminar or non-specific thalamic cell groups, in particular the parafascicular nucleus and centrum medianum (the so-called CM-PF complex). That CM-PF projects to the putamen was observed first by Vogt & Vogt (1941) in the human, and confirmed later in experimental animals. The topographic pattern of the thalamostriate projection has not been elaborated in detail, but it appears that the more rostral intralaminar nuclei project to more rostral parts of the striatum; the nucleus accumbens, for example, receives its thalamic afferents from the parataenial nucleus (Swanson & Cowan 1975) .
The nigrostriatal projection. The existence of a massive nigrostriatal projection has been suspected since the beginning of the century from observations of rapid cell-atrophy in the substantia nigra following extensive destruction of the striatum, but attempts to demonstrate the connection directly by fibredegeneration methods succeeded only after the introduction of the FinkHeimer method in 1966. Several years earlier, however, Anden et a1 (1964) by the monoamine-histofluorescence method had provided the first direct evidence of a nigrostriatal fibre system originating from the dopamine neurons of the substantia nigra. Hokfelt & Ungerstedt (1969) reported evidence that nigrostriatal fibres end in axon terminals containing small granular vesicles; other electron-microscope studies showed that these terminals synapse with dendritic spines (Kemp 1968a) and cell bodies of spiny neurons, and with dendrites of spidery neurons (Fox et a1 1971/72). Anden et a1 (1966) and Ungerstedt (1971) subdivided the nigrostriatal dopamine system into (1) a nigrostriatal system from the dopamine neurons of the pars compacta of the substantia nigra (cell group A9 of Dahlstrom & Fuxe 1964) to the larger part of the striatum, and (2) a mesolimbic system (Ungerstedt 1971) from dopamine cell group A10 to the nucleus accumbens and olfactory tubercle. Cell group A10 in the rat forms a large, wedge-shaped protrusion from the medial half of the pars compacta of the nigra into the ventral tegmental area of Tsai. This dopamine cell group lies embedded in the mesencephalic trajectory of the medial forebrain bundle (Nauta et a1 1978), and thus seems almost certain to receive afferents descending from the preoptic region, hypothalamus, substantia innominata and amygdala.
In later autoradiographic studies (Fallon & Moore 1978 , Beckstead et a1 1979 , the heaviest projection from A10 was found to involve not only the nucleus accumbens and olfactory tubercle but also the ventral quarter of the entire length of the striatum (a region of which the accumbens forms an anterior part), and to extend dorsally from this basal region over nearly the entire medial half of the overlying caudato-putamen (cf. Fig. 1: vertical  lines) , where it overlaps with the nigrostriatal projection from the medial half of the pars compacta. No converse overlap, however, appears to occur in the nucleus accumbens and olfactory tubercle: in contrast to the more posterior extent of the basal striatal region, this anteroventral district receives nigral afferents almost exclusively from A10 (Nauta et a1 1978, Beckstead et a1 1979) . The nucleus accumbens and olfactory tubercle thus seem distinguished from the rest of the striatum by their poverty in A9 afferents as much as by their wealth in afferents from A10.
From fibre-degeneration studies in the monkey, Carpenter & Peter (1972) concluded that the caudal two-thirds of the nigra projects almost exclusively to the putamen and, hence, that the caudate nucleus is likely to be projected upon by the anterior third of the nigra. In the rat no evidence of such a gradient was found; rather it appears that in' that species each nigral locus projects to the entire length of the striatum (Beckstead et a1 1979) .
Efferent connections of the striatum
The efferent conniktions of the striatum are established exclusively by delicate, thinly myelinated axons passing medially from their origin in slender fascicles, the 'pencil bundles' of Wilson (1914) , that converge on the globus pallidus much like the spokes of a wheel (Fig. 2) . These bundles pass through the outer and inner segments of the globus pallidus and continue in part beyond the pallidum to the substantia nigra.
The striatopallidal projection. Throughout their passage through the pallidum the striatofugal fibres maintain an orderly radial arrangement, and since they terminate close to the radial bundles in which they enter the pallidum, the striatopallidal projection must be organized in a fairly orderly radial pattern (Nauta & Mehler 1966) . In accord with this general arrangement, the nucleus accumbens as the most anteroventral striatal region projects to the most anteroventral part of the external pallidum (Nauta et a1 1978), in particular to the latter's subcommissural part, the ventral pallidum of Heimer & Wilson (1975) (GPv in Fig. 2 ). Striatofugal fibres terminate massively in both the external and internal pallidal segments but it is difficult to determine whether the same or different sets of fibres innervate the two segments (in Fig. 2 pallidal segments are innervated in part at least by separate contingents of striatal fibres. As to the mode of termination of the striatopallidal connection, collaterals of fibres composing the radial fascicles combine to form dense sleeve-like plexuses around the dendrites of globus pallidus neurons, on which they establish a nearly uninterrupted lining of de passage synaptic contacts (Fox et a1 1974) .
The striatonigral connection. Most of the remaining distribution of striatofugal fibres establishes the striatonigral connection. From an analysis of the fibre-calibre spectrum in the radial striatofugal fascicles Fox et a1 (1975) concluded that most if not all striatonigral fibres, instead of composing an independent striatofugal system, are the attenuated and largely unmyelinated end-stretches of striatal efferents that have given off collaterals to the globus pallidus at more proximal points in their course. The observation that the mode of termination of these fibres in the nigra is similar to that of striatofugal fibres in the pallidum (Schwyn & Fox 1974) seems to support this concept. Electrophysiological findings by Yoshida et a1 (1974) likewise suggest that the pallidum and nigra are innervated in parallel by the same striatofugal fibres. However, persuasive as this combined anatomical-electrophysiological evidence is, the immunohistochemical data mentioned in the preceding paragraph would seem to complicate the issue. The apparent sparseness of enkephalin-positive striatonigral fibres, contrasting with the abundance of substance P-positive striatonigral fibres, suggests that, at least with respect to these two categories of striatal efferents, the substantia nigra could share a large number of striatofugal fibres with the internal, but hardly with the external pallidal segment, the latter receiving only very sparse substance P-positive striatal efferents. It thus appears that the conclusion of Fox et a1 (1975) may require some qualification bearing on the variety of chemically specified striatofugal fibres.
Striatofugal fibres extending caudally beyond the nigral complex to the mesencephalic tegmentum and central grey substance have been traced only from the accumbens region of the striatum (Nauta et a1 1978) ; the distribution of these longest striatofugal fibres, schematically indicated in Fig. 2 , involves to some extent the median raphe nucleus and is also in other respects comparable to the distribution of hypothalamo-mesencephalic fibres.
The topography of the striatonigral projection is remarkable. Autoradiographic findings in the rat (Nauta & Domesick 1979 , Domesick 1980 suggest that in that species (a) each striatal locus projects to the entire length of the nigra; (b) the projection preserves the mediolateral coordinate of striatal topology, but (c) it inverts the dorsoventral coordinate: the most dorsal striatal regions project in greatest density to the most ventral zone of the pars reticulata, middle-depth regions of the striatum to middle-depth strata of the pars reticulata; only the most ventral striatal zone including the nucleus accumbens and olfactory tubercle project directly into the pars compacta and the immediately subjacent zone of the pars reticulata. These various striatonigral relationships are indicated schematically in Fig. 2 .
The striatonigral connection is emphasized in particular as a 'return loop' reciprocating the dopaminergic nigrostriatal projection. It is, however, certain that fibres of this massive projection synapse not only on dendrites of dopamine neurons, but also on non-dopaminergic neurons of the pars reticulata that project to the ventromedial thalamic nucleus (Somogyi et a! 1979) . It thus appears that the striatonigral projection includes the first link of a striatofugal 'through-line' leading sequentially over the pars reticulata and thalamus to the cerebral cortex (see below).
Although not yet reported, it would by analogy seem likely that the projection also involves pars reticulata neurons projecting to the superior colliculus and pedunculopontine nucleus (see below).
Despite the foregoing considerations, subsequent findings by Somogyi et a1 (1981b) clearly indicate that the striatonigral projection, to some extent at least, synapses directly upon nigrostriatal neurons. The question arises how strict this reciprocity in the nigro-striato-nigral circuit is. Does each striatal locus project back exclusively to those nigrostriatal neurons by which it is innervated? No generally valid answer to this question can be given at FIG. 3 . Diagram of feed-back loops and feed-forward lines in the striatonigral interconnection as proposed in the text. Note: 1) closed loop (1) between caudato-putamen (C-P) and dopamine cells of the substantia nigra's pars compacta (SNc) (neuron a): the striatonigral limb of this loop is here assumed to contact dopamine-cell dendrites protruding into pars reticulata (SNr), as well as non-dopaminergic pars reticulata neurons (b and c) which may be interneurons in loop 1 or may project as feed-forward lines to thalamus, superior colliculus, or midbrain tegmentum. 2) A closed loop (2) also exists between the nucleus accumbens (Ac) and dopamine cell group A10 in the ventral tegmental area (VTA) (neuron d) but the striatonigral limb of this loop ends in greatest volume in pars compacta and upper stratum of pars reticula, contacting dopamine cells innervating the caudato-putamen (neuron a). The apparent arrangements suggest an 'open-loop' relationship between Ac and C-P in which the output of Ac can affect the dopamine innervation of C-P without itself being controlled by the output of C-P. Abbreviations: see legend to present, mainly because the great majority of striatonigral fibres terminate in the pars reticulata and therefore can directly affect the nigrostriatal neurons of the pars compacta only by synapsing on the ventrally protruding dendrites of the latter; the pattern in which this dendritic plexus overlaps the plexus of striatonigral fibres is unknown. For the nucleus accumbens, however, the evidence suggests a negative answer (Nauta et a1 1978 , Domesick 1981 , Somogyi et a1 1981b : although this anterior, ventromedial striatal region receives its nigral innervation almost exclusively from the ventral tegmental area, its reciprocating striatonigral projection only sparsely involves the 12 ~A U T A & DOMESICK ventral tegmental area and is distributed in greatest volume to the medial half of the pars compacta (Fig, 3) . It thus appears that the nucleus accumbens, at least, is not interconnected with the nigral complex in point-for-point reciprocity, and that impulses from the nucleus accumbens could be thought to affect the nigral innervation, and hence the functional state, of the entire medial half of the striatum. There is at present no evidence that the medial striatal half maintains a similar but converse open-loop connection with the ventral tegmental area.
Globus pallidus
In all mammalian species the globus pallidus (or pallidum) is subdivided into a lateral or external (GPe) and a medial or internal (GPi) segment. In primates both these segments lie lateral to the internal capsule, demarcated from each other by the internal medullary lamina. In many non-primate mammals, however, the internal segment lies largely embedded within the internal capsule and cerebral peduncle and is therefore called entopeduncular nucleus.
The neurons of both pallidal segments are large fusiform or multipolar cells with exceptionally long, smooth dendrites enmeshed by the striatopallidalfibre plexuses mentioned earlier.
Afferent connections of the pallidum
Only two connections afferent to the pallidum are known: the striatopallidal and a subthalamopallidal projection. Numerous nigral dopamine fibres course through the pallidum in passing to the striatum but no evidence of actual termination of such fibres in the pallidum appears to have been reported.
The striatopallidal connection, apparently the more massive of the afferents of the pallidum, has already been reviewed (p 8).
A subthalamopallidal projection was recognized first in the monkey by Carpenter & Strominger (1967) who traced degenerating fibres from lesions in the subthalamic nucleus mainly to the internal pallidal segment. In a later autoradiographic study in the monkey H. J. W. Nauta & Cole (1978) , however, showed that the projection is distributed almost equally to both segments, and terminates densely in band-or sheet-like zones oriented parallel to the internal medullary lamina. The projection to the external pallidal segment can be interpreted in part at least as a reciprocation of the pallidosubthalamic connection.
Efferent connectiprts of the pallidum
Nearly all of the known efferent connections of the globus pallidus or pallidum are established by the ansa lenticularis. Monakow (cf. Nauta & Mehler 1966) subdivided this massive pallidofugal system into (1) a ventral and (2) a dorsal division, both originating from the internal pallidal segment, and ( 3 ) a middle division originating from the external segment (the three divisions are indicated by these same numbers in Fig. 4) . The pallidosubthalamic connection. Pallidal efferents to the subthalamic nucleus originate from the external pallidal segment (Fig. 4) (cf. Nauta & Mehler 1966) ; it is still uncertain whether the internal pallidal segment contributes to the connection.
Pullidothalamic projections originate from both pallidal segments. That from the external segment is of only modest size but is of considerable interest because it appears distributed to the thalamic reticular nucleus (H. J. W. Nauta 1979) which i s known to project to most or all remaining thalamic nuclei (Scheibel & Scheibel 1966) . The much more massive projection from the internal segment is distributed over the so-called thalamic fasciculus to three thalamic districts: (1) the nuclei ventralis lateralis and ventralis anterior (VA-VL complex), (2) the centrum medianum, and ( 3 ) the lateral habenular nucleus (Fig. 4) . Since the VA-VL complex projects to the precentral cortex, it seems certain that the globus pallidus by its thalamic conduction channel can affect the neural mechanisms of the motor cortex.
The pallidal projection to the centrum medianum may be composed, in part at least, by collaterals branching off from the pallidal efferents destined for the VA-VL complex. Since the centrum medianum projects predominantly to the putamen, this pallidothalamic connection suggests a transthalamic circuit: globus pallidus + centrum medianum + putamen + globus pallidus (c.f. Fig. 5 , in which this and other reciprocities in the pallidal connections are schematically indicated). A pallidohabenular projection was first suggested by Wilson (1914), but could be verified only recently in the cat by autoradiographic experiments (H. J. W. Nauta 1974). The connection is established by fibres from the internal pallidal segment that terminate exclusively in the lateral half of the lateral habenular nucleus.
The pallidohabenular connection is noteworthy for two reasons, First, the lateral habenular nucleus projects directly to the median and dorsal raphe nuclei (Herkenham & Nauta 1979) and is probably a principal origin of afferents to the mesencephalic serotonin cell groups. Since the dorsal raphe
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nucleus is the main source of the serotonin innervation of the striatum, the pallidohabenular connection could form part of a neural circuit: pallidum + lateral habenular nucleus --+ dorsal raphe nucleus + striatum --+ pallidum (Fig. 5) . Second, as well as pallidohabenular fibres the lateral habenular nucleus receives fibres from the lateral preopticohypothalamic region and thus appears to be one of the few structures in which pallidal and limbic system efferents are known to converge (a further example of pallido-limbic confluence is mentioned below under ventral pallidum).
The pallidomesencephalic projection. Projections from the internal pallidal segment to the mesencephalon are established by the relatively small group of ansa lenticularis fibres that continue their caudal course through the subthalamic region into the midbrain tegmentum (Fig. 4) . In the monkey, most of these long pallidofugal fibres terminate densely in a relatively large-celled region of the pontomesencephalic tegmentum, the pedunculopontine nucleus (Nauta & Mehler 1966) . No pallidofugal fibres have been traced caudally beyond this level.
The ventral pallidum
This recently discovered component of the pallidum merits separate description. The term (Heimer & Wilson 1975) denotes a large rostroventral extension of the external pallidal segment into the basal forebrain region beneath the anterior commissure. Morphologically indistinguishable from the main body of the external segment or dorsal pallidum with which it is continuous behind the commissure, the ventral pallidum differs from the latter histochemically: in addition to the dense plexus of enkephalin-positive striatopallidal fibres which it shares with the dorsal pallidum, it is selectively pervaded by an almost equally dense plexus of substance P-positive striatopallidal fibres which sharply delimit it from the dorsal pallidum (Haber & Nauta 1983). Studies by the autoradiographic fibre-labelling method-which does not discriminate between striatofugal fibres of different peptide content-have shown that the entire ventral pallidum as defined by its substance P-positive fibre plexus receives its striatal innervation exclusively from the ventromedial, limbic-innervated sector of the anterior striatum (Nauta et a1 1978 and unpublished studies). A further reason for regarding the ventral pallidum as the limbic subdivision of the external pallidal segment could be found in its efferent relationships: recent anterograde and retrograde-labelling studies in the rat have demonstrated that the ventral pallidum projects not only to the subthalamic nucleus and substantia nigra-as does the dorsal pallidum-but also to various limbic structures, namely the mediodorsal thalamic nucleus, amygdala, lateral habenular nucleus and ventral tegmental area (Haber et a1 1982) . Only by retrograde cell-labelling with wheatgerm agglutinin-conjugated horseradish peroxidase has it been possible to demonstrate an additional ventral-pallidal projection to medial regions of the cerebral cortex, but it must be noted that this projection as well as the one to the amygdala appears to originate almost exclusively from acetylcholinesterase-positive cells (Grove et a1 1983) that lie scattered throughout the ventral pallidum and that may be outlying cells of the basal nucleus rather than true pallidal neurons. It is at present unknown whether these neurons are links in a striatofugal conduction line, or components of other, possibly limbic, circuits.
Subthalamic nucleus
This nucleus appears foremost as a satellite to the pallidum: it receives a massive projection from the external pallidal segment and in turn projects massively to both pallidal segments. It also, however, receives afferents from the motor cortex (Hartmann-von Monakow et a1 1978) , and gives rise to considerable projections to the substantia nigra pars reticulata (H. J. W. Nauta & Cole 1978 , Ricardo 1980 and the VA-VL complex of the thalamus, as well as a sparse projection to the pedunculopontine nucleus (H. J. W. Nauta & Cole 1978 , Edley & Graybiel 1983 . Thus far, only the two last-mentioned, lesser efferents are known to connect the subthalamic nucleus to structures outside the domain of the basal ganglia, and it is noteworthy that both converge with stronger projections from the internal pallidal segment.
Substantia nigra
The ultrastructural similarity of pallidum and substantia nigra has been emphasized by many investigators (cf. Fox et a1 1974). However, unlike the cells of the globus pallidus, nigral neurons can be classified into a dopaminergic and a non-dopaminergic group. Dopamine neurons are the predominant elements of the pars compacta or dopamine cell group A9 of the nigra, as well as of the outlying nigral cell group A10, whereas non-dopamine neurons prevail in the pars reticulata (Dahlstrom & Fuxe 1964) . This cytochemical dualism has no evident corollary in size or shape of the neurons: nearly all the cells of both pars compacta and pars reticulata conform to the same basic types in both Nissl and Golgi material. There is, however, experimental evidence that the dopamine neurons are distinguished by their much more abundant Nissl substance, and therefore darker appearance in Nissl preparations (Domesick et a1 1983) .
Afferent connections of the nigral complex
The most massive of the afferent connections, the striatonigral projection, was discussed above. Additional basal ganglia inputs to the nigra originate from the external pallidal segment (Hattori et a1 1975 , Grofova 1975 and subthalamic nucleus (H. J. W. Nauta & Cole 1978 , Ricardo 1980 . The only known afferent connection from the cerebral cortex was traced by Beckstead (1979) from several prefrontal areas to the pars reticulata. Afferents to the nigra from structures within the circuitry of the limbic system have been traced from the lateral preoptico-hypothalamic region (Swanson 1976) ; according to a later study (Nauta & Domesick 1978) this projection may involve dopamine cell group A10 (and thus indirectly the limbic sector of the striatum) more than A9. Although not anatomically demonstrated thus far, further afferents to the nigral complex may originate from more caudal points within the limbic circuitry. Cell group A10 in particular is likely to receive input from mesencephalic and bulbar cell groups projecting rostrally over the medial forebrain bundle. Such cell groups include-but may not be restricted to-the mesencephalic raphe nuclei as well as the locus ceruleus and more caudally placed norepinephrine (noradrenaline) cell groups.
Efferent nigral connections
Some of the nigrofugal projections described in the following account are illustrated schematically in Fig. 6 . At present, the following can be considered well documented.
The nigrostriatal projection, the most massive of the efferent nigral connections, was discussed earlier in this account. It originates mainly from the pars compacta (dopamine cell group A9) of the nigra as well as from the outlying nigral dopamine cell group A10, but also from more dispersed pars reticulata cells which are likely to be the dopamine cells scattered throughout the pars reticulata.
Nigral projections to subcortical structures implicated in the circuitry of the limbic system were first identified in histofluorescence studies by Ungerstedt (1971) in the form of dopamine fibres from A10 in the ventral tegmental area (AVT) to the central nucleus of the amygdala and the bed nucleus of the stria terminalis. Later autoradiographic findings (Fallon & Moore 1978 , Beckstead et a1 1979 indicated that this projection also involves the anterior amygdaloid area, the nucleus of the diagonal band, and the septa1 region. Nigrul projections to limbic cortex. Dopamine terminals in the anteromedial cortex of the rat were first reported by Thierry et a1 (1973) and were shortly thereafter attributed to a direct nigrocortical connection (Fuxe et a1 1974) sometimes separately referred to as the mesocortical system. Beckstead (1976) reported evidence that this projection in the rat originates mainly from the ventral tegmental area and is distributed to the cortical area that also receives largely overlapping projections from the anteromedial and mediodorsal thalamic nuclei. Additional nigrocortical projections to the entorhinal area likewise appear to originate largely from dopamine cells in the ventral tegmental area (Fallon & Moore 1978 , Beckstead et a1 1979 .
Nigrothalumic projections.
A substantial nigrothalamic projection originating from the pars reticulata is distributed mainly to the ventromedial thalamic nucleus and in lesser volume to the paralamellar zone of the mediodorsal nucleus (Carpenter et a1 1976) . By this non-dopaminergic connection the nigra could exert a widespread effect on the neocortex, for the ventromedial thalamic nucleus in the rat projects profusely to the plexiform layer of a cortical region larger than the anterior half of the cortical convexity (Herkenham 1976) .
Fewer nigrothalamic fibres have been traced autoradiographically from the ventral tegmental area to the lateral habenular nucleus. In the light of biochemical findings this projection seems likely to originate in part or entirely from the dopamine cell group A10 (cf . Beckstead et a1 1979) .
The nigrotectal projection. In the cat and rat a non-dopaminergic nigrotectal projection has been demonstrated that originates from the pars reticulata and is distributed to the middle grey layer of the superior colliculus in a regular band-pattern suggestive of a highly selective mode of termination (Graybiel 1978 , Beckstead et a1 1979) .
Descending nigral projections.
A non-dopaminergic projection has been traced from the pars reticulata to the pedunculopontine nucleus, where it must converge with efferents from the internal pallidal segment and subthalamic nucleus (cf . Beckstead et a1 1979) . The projection is closely associated with the nigrotectal pathway and may be composed in part of collaterals of the latter's fibres.
A further descending projection of the nigral complex, probably dopaminergic in part at least, originates in the ventral tegmental area and is distributed to the locus ceruleus as well as to a paramedian zone of the midbrain that includes the dorsal raphe nucleus and surrounding regions of the central grey substance, the anterior part of the median raphe nucleus, and an extensive medial region of the tegmentum. Further nigral projections spread caudally from the pars compacta over more lateral tegmental regions (cf. Beckstead et a1 1979).
Conclusions
(1) The neural pathways conveying the output from the basal ganglia to the bulbospinal motor apparatus are still incompletely known. Since the most massive exit channel leads from the internal pallidal segment by way of the ansa lenticularis and thalamus to the precentral cortex, an action of the basal ganglia via the descending projections of the latter remains a plausible notion. There exists a smaller, cortex-independent ansal subdivision but its recipient, the pedunculopontine nucleus of the midbrain, projects mainly rostrally and only sparsely to the hindbrain (Edley & Graybiel 1983) . Unlike the pallidum, the substantia nigra is rarely emphasized as a potential exit gate from the basal ganglia; yet nigral efferents could articulate with the tectobulbartectospinal system and with pathways descending from the midbrain reticular formation and locus ceruleus. Striatal efferents to the midbrain that bypass both pallidum and nigra are known to exist, but their origin appears to be confined to the nucleus accumbens and their distribution appears to coincide largely with that of known exit routes from the limbic system (Nauta et a1 1978).
(2) The striatum of the rat can be subdivided into (a) a ventromedial limbic system-afferented quadrant that includes, but extends well beyond, the nucleus accumbens, and (b) a dorsolateral 'non-limbic' quadrant that receives its main cortical input from the motor cortex. The striatopallidal lines originating from these two sectors differ, at least in part: the 'non-limbic' striatum is the main origin of the classical exit line leading over the larger dorsal subdivision of the external pallidal segment to the subthalamic nucleus, whereas the limbic-afferented striatum projects over the subcommissural part of the external pallidal segment (ventral pallidum) not only to the subthalamic nucleus but in addition to various subcortical limbic structures: amygdala, mediodorsal thalamic nucleus, habenula and ventral tegmental area. These latter relationships suggest routes whereby impulses of limbic origin are led back into the circuitry of the limbic system after being channelled successively through the striatum and external pallidal segment.
( 3 ) It seems plausible to suggest the limbic-afferented striatal sector as an interface between the respective neural mechanisms underlying motivational and more strictly motor aspects of movement. This suggestion is reinforced by the evidence that at least one componeqt of the 'limbic striatum', the nucleus accumbens, seems enabled by its striatonigral efferents to modulate not only the source of its own dopamine innervation but also that of a large additional region of the striatum.
